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Introduction
Nitrogen is an important element of all organisms because it is an essential constituent of proteins, nucleic acids, amino acids, chlorophyll, and other organic substances. In addition, nitrogen is one of the most important nutrients for plant growth and the plant metabolic system. Consequently, nitrogen plays a key role in agriculture by increasing of crop yield. The element is present in the soil in small amounts, in both inorganic and organic forms. Most of nitrogen in the soil exists in organic form, and inorganic nitrogen constitutes only a small fraction of total soil nitrogen. The total amount of nitrogen in the mineral soil surface normally ranges between 0.05 and 0.2% and is directly available to plants, principally as nitrate (NO 3 -) and NH 4 + . The organic nitrogen slowly becomes available through mineralisation [1] .
Although nitrogen gas (N 2 ) accounts for approximately 78% of the atmosphere, it cannot be directly used by plants; therefore, N 2 must be transformed into a form such as ammonia before being consumed through biological nitrogen fixation (BNF), chemical nitrogen fixation, and atmospheric addition. Of these methods, BNF by microorganisms is the best way to make nitrogen fertiliser. In addition, the contribution of the BNF method leads to reduced use of chemical nitrogen fertiliser, thereby preventing soil erosion and reducing environmental pollution. Nitrogenfixing micro-organisms are commonly found in the plant rhizosphere. By releasing exudates, plants can exhibit higher nitrogen-fixation activity in the soil [2] . Free-living nitrogenfixing microorganisms have generally been reported to be plant growth promoters [3, 4] . The primary objective of this study is to isolate and characterise nitrogen-fixing bacteria from different agricultural soils, and, hence, to identify the strains with the greatest nitrogen-fixing ability by means of 4 + concentration in the cultural medium were selected as the best strains for nitrogenfixing ability. The optimal pH and temperature for their growth and nitrogen fixation are 7.0 and 30°C, respectively. Growth is best favored in the presence of sucrose. We sequenced the 16S rRNA gene of selected strains and compared the homology of them in GenBank using BLAST search. The result of the comparison shows that the 6.2 and 8.2 strains have16S rRNA gene-sequence analysis.
Materials and methods

Soil sampling
Soil samples were collected from agricultural lands in Ha Noi. A 2 mm sieve was used to remove stones and plant debris from the samples.
Isolation of nitrogen-fixing bacteria
Individual samples of 1 g each were dissolved in 10 ml sterile distilled water and its 0. 
Determination of nitrogen-fixation capacity of isolated bacteria using Nessler's reagent
The bacteria were cultured in Burk's liquid medium, shaken at 180 rpm, at 30°C. After 48 hours of incubation, the broth was centrifuged at 10,000 rpm for 2 min at 4°C, and the supernatant was reserved. NH 4 + concentration was determined by the Nessler method. The reaction between Nessler's reagent and NH 3 can be shown as:
After treatment with Nessler's reagent, amount of the sample develops a yellowish-brown colour. The colour intensity of solution corresponds to the amount of ammonia originally present. The standard curve was generated to determine the concentration of ammonia produced in the reaction.
Biological characterisation of selected bacteria
The isolates showing high nitrogen fixation, namely 6.2 and 8.2, were selected for further study. The morphology, colour, and size of the colonies on Burk's solid medium were recorded.
The effects of temperature, pH, carbon sources, and incubation time on the growth and development of the two selected strains were determined.
The bacteria were grown in Burk's broth, shaken at 180 rpm at temperatures ranging from 25-45°C to study the effect of temperature on the growth and nitrogen-fixing capability of the soil isolates. The concentration of ammonia was determined colorimetrically with Nessler's reagent at the wavelength of 420 nm.
The influence of pH on the nitrogen-fixing activity of bacteria was studied by inoculating the bacteria in Burk's broth, shaking at 180 rpm, with pH ranging from 4.0 to 10.0. The concentration of ammonia was calculated by colourimetry with Nessler reagent at 420 nm.
The bacteria were cultured in liquid Burk's medium, shaking at 180 rpm, with different carbon sources (20 g/l): glucose, sucrose, maltose, and mannitol in order to study the effect of these on the growth and nitrogen-fixation of soil isolates. The concentration of ammonia was determined colorimetrically with Nessler's reagent at the wavelength of 420 nm.
To test the effect of incubation time on the nitrogenfixation capacity of bacteria, the bacteria were cultured in liquid Burk's medium, shaking at 180 rpm, with the optimal temperature, pH, and carbon source conditions. Samples were taken at intervals of every 24 hours. The concentration of ammonia was calculated by colorimetry with Nessler's reagent at 420 nm.
Identification of selected bacteria
Primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-ACGGCTACCTTGTTACGACTT-3') are used to amplify the 16S rRNA sequences from the DNA of the two selected bacterial strains. Aliquots (5 µl) of PCR products were electrophoresed in 1% agarose gel using standard electrophoresis procedures. 16S rRNA gene of selected isolates was sequenced by 1st BASE company (Malaysia). Finally, sequences of the bacteria with the highest ability to fix nitrogen were compared to sequences from GenBank based on the 16S rRNA sequences to ascertain the relationships between the endophytic strains [5] and phylogenetic trees were thereby constructed by the neighbour-joining method using MEGA software version 6.06 based on 1,000 bootstraps.
Results and discussion
Isolation of nitrogen-fixing bacteria
Nitrogen-fixing micro-organisms were isolated on Burk's medium. These isolates use atmospheric N 2 to synthesise their cell proteins. The cell proteins are then mineralised in soil after tcell death, thereby contributing towards nitrogen availability for plant growth. Life ScienceS | Agriculture, Biology medium contains inorganic salts and carbohydrate sources but lacks a nitrogen source. Nitrogen-fixing bacteria can fix atmospheric nitrogen, thus they can live and grow in this nitrogen-free medium. Twenty-six isolates were obtained after two days of incubation on Burk's medium. Morphologically, most isolated bacterial colonies are a whitish cream colour, smooth, irregular, and shiny. Almost all the isolates were grampositive and gram-negative by gram stain. Of the twenty-six isolated bacterial strains, 65.38% were rod-shaped and 34.62% spherical (Fig. 1) .
Determination of nitrogen-fixing capacity of isolated bacteria
Construction of calibration curve: a standard curve was generated specifically to determine the concentration of ammonia in samples by means of colourimetry with Nessler's reagent at 420 nm. Using this method, we can evaluate the nitrogen-fixation capacity of the isolated bacteria.
We used the absolute values of blank and standards measured at a wavelength of 420 nm to generate a calibration curve, and measured absolute as a function of the ammona concentration (Fig. 2) . Sample analysis: the nitrogen-fixation ability of the twenty-six isolates was measured by Nessler's reagent, allowing us to understand any effective application of this organism by means of studying other attributes in the near future. The bacteria were cultured in Burk's liquid medium. After 2 days of incubation, aliquoted 5 ml of the broth was centrifuged at 10,000 rpm for 5 min at 4°C, and the supernatant was reserved. The concentration of ammonia was determined colorimetrically with Nessler's reagent and the optical density was measured at 420 nm (Fig. 3) . All twenty-six isolates were able to fix nitrogen. The range of nitrogen-fixation ability ranged from 0.12 to 3.46 mg/l. The 8.2 strain could fix the highest amount of nitrogen (3.46 mg/l); the 16.1 strain fixed the least (0.12 mg/l). Of the twenty-five isolates, two fixed the highest amount of nitrogen, namely 8.2 (3.46 mg/l) and 6.2 (3.34 mg/l). This study shows that the isolates recovered from the soybean fields are of average standard in terms of their nitrogen-fixing potential in the laboratory condition.
Investigating the effect of the cultural conditions on selected bacteria
Investigation of the medium's cultural factors based on the growth and development of two selected strains provided useful information about cultural conditions for further research. The two selected strains (6.2 and 8.2) were cultured in Burk's liquid medium at different temperatures, pH, and with different carbon sources. Observation of the growth and development of these strains is summarised in Table 1 . The results show that the 6.2 and 8.2 strains can fix nitrogen at temperatures of between 20 and 45°C. These strains have the optimal nitrogen capacity at 30-35°C. Both strains can use mantose, mannitol, sucrose, and glucose for growth. However, the maximum ammonia secretion of the two strains was obtained in the presence of sucrose. The maximum nitrogen-fixing ability of the two strains was obtained at pH 7 and after 3 days of incubation.
Physiological studies of the selected strains
The physiological activities of the strains were tested by means of Indole-3-acetic acid (IAA) production, methyl red (MR), acetoin production (Voges-Proskauer, V-P), citrate utilisation, catalase, cellulose hydrolysis, starch hydrolysis, and mobility. The biochemical characteristics of the two selected bacterial strains are shown in Table 2 . The two strains were mobility positive, catalase positive, starch hydrolysis positive, and MR positive, but V-P negative and cellulose hydrolysis negative. Strain 6.2 had the property of IAA production, but did not use citrate. In contrast, strain 8.2 can use citrate but cannot produce IAA.
Identification and phylogenetic analysis of selected strains
Molecular tools for the identification of soil bacteria and 16S rRNA gene analysis were used to understand the phylogenetic relationships. The phylogenetic tree was constructed by the neighbour-joining method using MEGA software version 6.06 based on 1,000 bootstraps. According to the genetic analysis, the amplified 16S rRNA sequence of the two selected strains produced 1.5 kb fragments. Homological searches of the 16S rRNA gene sequence of the selected strains in GenBank by means of BLAST revealed that strain 6.2 had sequence similar to Pseudomonas sp. and that strain 8. 
